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Abstract 
Using software analysis for structural design is becoming more prevalent across the industry due 
to increasing technological resources.  This project served as an investigation of foundation 
design alternatives and the feasibility of STAAD.foundation as a design aid for engineers at 
Stantec Consulting Ltd.  Both design optimization and accuracy were tested against hand 
calculations in accordance with ACI 318-05 and ASCE 7-05 in order to identify the proficiencies 
and shortcomings of the software which were documented in a user tips manual.    
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Capstone Design Statement 
According to the principles developed by the Accreditation Board for Engineering and 
Technology (ABET), students must demonstrate knowledge and skills acquired in earlier 
coursework through a capstone design experience. A capstone design experience must 
incorporate engineering principles and realistic design constraints. This Major Qualifying Project 
(MQP) incorporated the following six design constraints: 
Economic 
One of the six design constraints of the project is economics. Designing a structure for economic 
efficiency necessitates a greater amount of detail than would be required when designing for 
structural integrity alone. The amounts and types of material, as well as the ease of construction 
must all be considered, while still providing enough structural support strength. For this project, 
economic efficiency was designed by completing multiple foundation designs and providing a 
ranking based on design and construction costs.  These designs were then evaluated by 
completing a cost estimate for the amount of steel rebar and concrete included in the design, as 
well as determining if the shape or size of the foundation will require a greater amount of site 
work and construction man-hours. The cost estimates for reinforcement and concrete were 
quoted from the 2013 National Construction Estimator. 
Ethical 
The designs for this project were consistent with the code of ethics set forth by the American 
Society of Civil Engineers (ASCE).  The designs meet the requirements of the ASCE’s 
fundamental principles and fundamental canons.  The ASCE’s fundamental cannons are as 
follows:
1
 
1. Engineers shall hold paramount the safety, health and welfare of the public and shall 
strive to comply with the principles of sustainable development in the performance of 
their professional duties. 
2. Engineers shall perform services only in areas of their competence. 
3. Engineers shall issue public statements only in an objective and truthful manner. 
4. Engineers shall act in professional matters for each employer or client as faithful agents 
or trustees, and shall avoid conflicts of interest. 
5. Engineers shall build their professional reputation on the merit of their services and shall 
not compete unfairly with others. 
6. Engineers shall act in such a manner as to uphold and enhance the honor, integrity, and 
dignity of the engineering profession and shall act with zero-tolerance for bribery, fraud, 
and corruption. 
7. Engineers shall continue their professional development throughout their careers, and 
shall provide opportunities for the professional development of those engineers under 
their supervision. 
                                                 
1 American Society of Civil Engineers. Guidance on Licensing and Ethical Responsibilities for Civil Engineers. Web. 
<http://www.asce.org/uploadedFiles/Education_and_Careers/Licensure/Content_Pieces/licensing-ethics-brochure.pdf>. 
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Health and Safety 
Foundation designs were conscientiously designed keeping the well-being of those constructing 
the design and the future users of the facility in mind.  The designs comply with the requirements 
of the governing regulatory codes and with pertinent industry standards.  All the foundation 
designs were created considering the code standards laid out in ACI 318-05, the 14
th
 edition of 
AISC, and ASCE Standards: 9-1, 9-2, 9-3. 
Constructability 
The project created the foundation designs with the feasibility of construction in mind.  This 
included considering the effective use of resources, labor, construction duration, and structure 
maintenance.  It is important to consider the constructability of designs in the field.  Producing 
designs that are too complicated or that expect unreasonable precision can lead to costly delays 
in the field and wasted resources. 
Social 
Since the project team worked in a professional environment during the length of the project, the 
social design constraint was addressed during our time at Stantec.  A major aspect of completing 
the project was learning how to adapt to and be productive in a professional environment.  
Completing this constraint included meeting the expectations of a professional workplace.  These 
requirements included adopting acceptable work attire and manners, adhering to Stantec’s 
established schedule and hours, and integrating with fellow coworkers and managers. 
  
vii 
 
Professional Licensure Statement 
Obtaining a professional license as a civil engineer means that the applicant has accepted and 
understands the technical and ethical obligations of the profession.
2
  Reliance on engineers who 
have obtained a professional ensures that engineering projects protect the health, safety, and 
welfare of the public.  Each state has specific requirements for an individual to become a 
licensed professional engineer (P.E.).  The National Council of Examiners for Engineering and 
Surveying (NCEES) is one prominent organization that oversees the licensing requirements for 
each state.   
 
Requirements to Obtain a License 
Although licensing requirements may very slightly from state to state, the general process 
remains fairly consistent throughout the United States.  Listed below are the requirements to 
obtain a professional license according to the American Society of Civil Engineers:
 3
   
1. Graduating from an ABET accredited engineering program or an ABET accredited 
engineering technology program in some states. 
2. Passing the national Fundamentals of Engineering (F.E.) exam offered by the National 
Council of Examiners for Engineering and Surveying (NCEES). 
3. Obtaining four year (or three years past a masters degree in some states) of acceptable 
engineering experience with increasing levels of responsibility under the guidance of one 
or more licensed engineers. 
4. Submitting a detailed application documenting among other things, a progressing 
increase in responsible professional experience and including both professional and 
character references. 
5. Passing the Principles of Engineering (P.E.) exam offered by NCEES. Some states have 
an additional exam offered by the state board that convers its principles of conduct and 
ethics. 
 
Importance of licensure to the profession, to the individual, and to the public 
There are many reasons that civil engineering students and graduates should aspire to become 
licensed engineers.  Having a professional license expands the knowledge of the profession, 
fulfills an ethical responsibility to the engineer’s community and enhances the engineer’s career.  
Since the majority of civil engineering work is done in close proximity to the public it is an 
engineer’s responsibility to ensure the safety of the community.  Professional licensure means 
that the engineer has a thorough understanding of fundamental engineering principles and has 
acquired engineering experience and judgment under the guidance of a professional engineer.  A 
license legally enables an engineer to take personal responsibility for any technical work they 
complete.   
 
According to the seventh fundamental ethical cannon laid out by the American Society of Civil 
Engineers (ASCE), “Engineers shall continue their professional development throughout their 
careers, and shall provide opportunities for the professional development of those engineers 
                                                 
2 American Society of Civil Engineers. Guidance on Licensing and Ethical Responsibilities for Civil Engineers. Web. 
<http://www.asce.org/uploadedFiles/Education_and_Careers/Licensure/Content_Pieces/licensing-ethics-brochure.pdf>. 
3 Ibid. 
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under their supervision”.  Becoming a professional engineer satisfies this requirement in several 
ways.  A young engineer aspiring to be licensed needs to complete several years under the 
guidance of a professional engineer.  This increases the professional development of the younger 
engineer and allows the professional engineer in charge to pass along their knowledge.  Passing 
down engineering knowledge is not only crucial to expanding the development of a younger 
engineers but it is also vial to the progress of the profession as a whole.   
 
Relationship between this MQP and professional practice 
The MQP is directly integrated with professional practice; both in its execution and end goal.  
This project was completed in Stantec Consulting Ltd.’s Boston office with direct supervision 
from several professional engineers.  It required team members to consistently work in a 
professional environment under the guidance of experienced engineers.  Spending time in the 
Stantec office helped each member of the team develop professionally and technically.  Our 
project also helped develop a sense of professionalism.  The team needed to consider how our 
project could be incorporated in the office workflow and the best method to present our findings 
to Stantec engineers. 
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Executive Summary 
Purpose and Scope of Document 
The Power Group at Stantec has previously worked with several different foundation software 
programs.  The company was interested in the investigation of STAAD.foundation in order to 
determine range of applicability and reliability within the software package.  By engaging in a 
parametric study of STAAD.foundation, it was possible to determine the reliability of the 
software and identify any potential limitations.  In order to quantify the effectiveness and 
reliability of STAAD.foundation, foundation types were designed through hand calculations and 
then verified through the STAAD.foundation program.  These foundation designs were then 
analyzed considering engineering principles and realistic design constraints.  Specifically, the 
team considered direct cost of materials, labor, and equipment, design code compliance, health 
and safety regulations and aspects of constructability. 
Three documents were created in order to complete the project. A deliverable to the company 
was created with the use of Microsoft Word and PowerPoint. To create the deliverable for 
Stantec, a standard operations was provided by them and followed until completion. The team 
met and worked with Ryan Hill (EIT) to ensure that the deliverable was up to standard with the 
company. The deliverable contains a table of contents, a purpose, an applicable codes and 
standards section, definitions, design criteria, and an appendix. The purpose defines the needs 
and specifics of the project. The deliverable will be printed and then compiled into a binder so 
that Stantec has a hard copy of it. In the appendix of the deliverable, the user can see the User 
Tip Manual, all of the hand calculations, and spread sheets of each specific foundation design 
used to verify the validity of STAAD.foundation. The deliverable can be used by any employee 
in the office that will be new to or using STAAD.foundation. 
Tutorial videos and examples provided by the software were explored to best develop a user 
manual that can show a designer how to create and analyze specific foundations depending on 
the project's need. Essentially, should Stantec hire a new employee, this user manual would 
provide them with enough information to learn the fundamentals of the program. The user tips 
manual outlines proper methodology to use and setup various foundations and is in the form of a 
Microsoft PowerPoint. The PowerPoint has a table of contents which acts as chapters for each 
foundation design, limits and optimizations within the program section, importing and exporting 
within the program, and a tips and tricks section.   
Methods 
The objectives of this project are as follows: 
 
1. Evaluate the reliability of STAAD.foundation and identify any software limitations 
2. Consider design alternatives for various foundation types using a predefined rubric 
3. Develop a user tips manual for use by Stantec Consulting Ltd. Engineers 
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To accomplish the project objectives, the team created design alternatives through hand 
calculations and by utilizing STAAD.foundation.  The foundation types that were designed 
included isolated spread footings, combined footings, strap footings and mat foundations.  For 
each foundation type, three models were created that could then be used for STAAD.foundation 
evaluation and consideration of design alternatives. 
Results and Conclusions 
Objective 1 
A comparison of the hand-calculated designs with those produced by STAAD.foundation reveals 
that while STAAD offers the potential for a streamlined foundation design process, it does have 
several important flaws. The hand calculated designs in almost every instance produced a similar 
set of dimensions as those of the foundations STAAD designed. The most noticeable error within 
the dimensioning of the STAAD produced designs occurred within the combined footing, where 
STAAD suggested dimensions that would have been quite difficult to construct. Other errors 
seen within the results occur with regard to the reinforcement design and the analysis of shear 
forces. In several cases, STAAD was found to have produced a design in which the 
reinforcement would be spaced greater than the maximum 7.5 inches, or would require too large 
a number of bars with too wide a spacing, effectively moving reinforcement outside of the 
boundaries of the foundation. The analysis of shear within the program proved inaccurate as 
well. STAAD.foundation completed its analysis of the foundation not from the largest possible 
load case, but rather from the largest positive value computed. In the event that the design 
produced a significantly larger negative shear force than the selected positive shear force, the 
foundation would fail. 
While STAAD.foundation is certainly a useful tool, designs which are produced exclusively 
within the software should be compared to a design which has been manually calculated. In 
addition to this, design constraints should be determined ahead of time based upon the users 
engineering judgment. While the program will design to the minimum constraints, a proper 
foundation design will come not from using exclusively the minimums, but rather from careful 
consideration of all of the variables within the structure and the site. Tools such as this act as 
design aids and supplements to the process, but should not be considered replacements to the 
traditional methods of structural design. 
Objective 2 
To determine the most appropriate design, there must be consideration of ethical standards, 
health and safety, cost, and constructability. In order to evaluate the three design alternatives a 
grading rubric was created. While the rubric does not determine the best design, it does offer the 
engineer an evaluation of the twelve foundation designs. All of the foundations were designed in 
accordance with the ASCE code of Ethics and Ethical Cannons as well as being designed in 
accordance with the various governing codes. In terms of cost estimation, the pricing of materials 
was considered for each design and is represented in the spreadsheets as either green (cheapest), 
yellow (middle) or red (most expensive). The overall cheapest design is that of the second 
combined footing design, whereas the most expensive is the third mat design. For 
constructability, all of the designs once again offer varying degrees of difficulty. While the mat 
foundation requires the smallest amount of formwork setups, it also does cover the largest 
amount of area. 
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The results obtained from the rubric offer a number of positive and negative factors for each of 
the designs as well as confirming that the design has met the required standards. These serve as a 
tool for analyzing each foundation design individually, as well as in comparison to the other 
designs within the type of foundation and the project as a whole. As the rubric does not propose 
any one design in particular, the engineers must decide for themselves what the overall best 
design would be, based upon the known constraints within the site, budget, and timeline.  
Objective 3 
The creation of a user tips manual serves as a guide for future users of STAAD.foundation. It 
offers insight into the import and export of STAAD files, as well as detailing the steps required 
to begin a design within the program. The user tips manual also covers the various areas of the 
program that we found lacking, such as the analysis of shear, the use of minimum design 
constraints, and reinforcement. While not all of these errors were solved, they are potential 
problems that can appear within the design and should be considered when using 
STAAD.foundation.  
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1.0 Introduction 
By verifying the applicability and reliability of software used within a company, it is possible to 
gain financial benefits, facilitate communication across different departments, and ensure the 
effective use of company resources.  It is important to determine whether software applications 
utilized by company employees are encouraging streamlined workflow by functioning to their 
intended standard. Letting discontinuities or inaccuracies creep into the intricate framework of 
structural design and construction projects can lead to wasted resources and delayed schedules.  
Having unreliable software applications can increase the frequency of reworks, the possibility of 
safety hazards, and the amount of wasted materials.   
1.1 Project Need 
The Power Group at Stantec has previously worked with several different foundation software 
programs.  The company was interested in the investigation of STAAD.foundation in order to 
determine range of applicability and reliability within the software package.  By engaging in a 
parametric study of STAAD.foundation, it was possible to determine the reliability of the 
software and identify any potential limitations. This involved the use of STAAD.pro in order to 
construct a structural steel model and perform the necessary structural analysis.  Once the 
reaction forces from STAAD.pro were computed, they were applied to design various foundation 
types.  In order to quantify the effectiveness and reliability of STAAD.foundation, foundation 
types were designed through hand calculations and then verified through the STAAD.foundation 
program. 
1.2 Design Approach 
To verify the applicability and reliability of STAAD.foundation, reaction forces from a 
STAAD.pro structural frame model was obtained.  Reaction forces and loadings obtained from 
the structural analysis in STAAD.pro were then input into STAAD.foundation.  The team 
inputted the design criteria for each type of foundation into STAAD.foundation.  These selected 
foundation types were also designed through hand calculations to verify the results from the 
program.  This comparison allowed for the analysis of software and design limitations inherent 
in STAAD.foundation.  This project focused on the design of isolated spread footings, combined 
footings, strap footings and mat foundations.  Once the verifications were documented, a User 
Tips Manual was created for use by Stantec Consulting Ltd..  The foundation designs were then 
analyzed considering several design criteria, specifically: direct labor, material and equipment 
costs, compliance with health and safety regulations, adherence to design codes and 
constructability.   
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2.0 Background 
2.1 Stantec Consulting Ltd. 
Stantec Consulting was founded in 1954 in Edmonton, Canada by Dr. Don Stanley as a civil and 
environmental engineering firm working primarily on water and sewage projects in rural 
Canadian towns. Within the first decade, the company grew to a size of thirty employees and was 
awarded its first major structural project: the redesign of the Peace River Bridge on the Alaska 
Highway. Today Stantec is one of the largest design firms in the world, with over 14,000 
employees in over 230 different offices specializing in architecture, landscape architecture, and 
engineering 
2.1.1 Company Structure 
Stantec is divided into several project areas within the fields of architecture, civil engineering 
and landscape architecture, mechanical engineering, and chemical engineering. Within the 
framework of Stantec’s corporate Structure, these sub areas are known as Business Centers, or 
“BC’s.” These BC’s often have sub groups within them, which collaborate on projects related to 
their fields, allowing Stantec to better allocate resources, and better manage the flow of money 
from clients to sub-contractors.  
2.1.2 Power Engineering Group at Stantec 
The power group at Stantec in Boston, Massachusetts was added to their firm in early 2014
4
. The 
group came to Stantec after many years with Shaw Power and Stone & Webster. The power 
group designs and engineers projects involving heat, power, turbines, and air quality control. The 
group looks at traditional resources such as gas and coal, as well as renewable energy resources 
including wind and solar power. The power projects include the repurposing of old power plants 
to be more economically efficient. The power group is growing on both the East and West Coast 
of the United States, allowing Stantec to access a broader clientele.  
2.2 Foundation Design 
Foundations are the base and support in the structural system that transmit the superstructure’s 
loads directly to the earth. All civil engineering structures require foundations to keep the 
structure from leaning or buckling. Buildings bestow their weight and loadings onto their 
foundations; therefore, the footing needs to be designed to withstand the weight of the building. 
The foundation design process cannot begin until the loads have been calculated. There are 
several different types of design loads including: normal loads, shear loads, moment loads, and 
torsion loads. Where weather is applicable, the bottom of the foundation must be constructed 
below the frost line to prevent cracking from freeze-thaw cycles.  
                                                 
4 Smith, Allson. "Stantec Adds Power Engineering Team in Boston, Massachusetts." Stantec Media Relations. n. page. Web. 6 
Mar. 2015. <http://www.stantec.com/about-us/news/2014/stanatec-adds-power-engineering-team-in-boston-massachusetts.html 
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2.2.1 Spread Footings 
Spread footings are normally used to support the structural system of small to medium structures 
with moderate to good soil conditions. They can be used in high-rise buildings where the soil 
conditions are exceptional and can bear the load. Individual columns of the building are 
constructed on top of the spread footing because of its ability to bear extremely heavy loading. 
Many low-rise residential buildings consist of spread footings that distribute the load over a 
larger area. Spread footings are the most common type of foundation due to its low cost and 
quick construction. They are built in different shapes and sizes to accommodate each project's 
scenario. The shape of the footing is generally a rectangular. 
Determination of soil pressures, shear forces, and bending 
moments then need to be established to determine design 
capability
5
. The design and layout of the footing is 
controlled by several factors: the load of the structure, 
penetration of soft layers near the surface, and penetration 
of layers near the surface due to the effects freezing and 
thawing. These foundations are more commonly found in 
residential construction buildings that have a basement. 
These footings are not sufficient for high-rise buildings.  
Three types of spread footings, isolated, combined and 
strap, are discussed below and can be seen in Figure 1. 
Isolated Spread Footings 
Isolated Spread support the structural system of small to 
medium structures. These footings are used to transmit a 
load from columns to the soil beneath it. If the soil 
supporting the column is weak or the column loading is too 
heavy, the isolated spread footing needs to be designed a lot 
larger. Isolated spread footings are more economical 
because less material is needed to create the footing than a 
normal spread footing.  
Determination of soil bearing pressure and bearing capacity 
must be established to determine the design capability. If 
the soil has a higher bearing capacity, then the isolated 
spread footing is sufficient for the design.  
Combined Footings 
Combined Footings receive loading from more than one 
                                                 
5 Tabsh, Sami W and Abdul Raouf AJ-Shawa. "Effect of Spread Footing Flexibility on Structural Response." Structural Design 
and Construction 2005, 10 ed.: 109-114. Web. 
FIGURE 1: [A] ISOLATED SPREAD FOOTING, 
[B] COMBINED FOOTING, [C] STRAP FOOTING 
Taken from: http://eu.lib.kmutt.ac.th 
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column or load-supporting element. Each column applies their own individual loading to the 
footing. The columns can be located at any distance from the footing ends, however, they must 
lie on the centerline along the longer axis of the footing.  Determination of shear, service 
loading, soil bearing pressure, bending moments, and reinforcement need to be established to 
determine design capability. Combined footings are most commonly designed with a rectangular 
or trapezoidal geometry.  
Strap Footings 
Strap footings are generally used when one of the columns the footing is supporting undergoes 
extreme loading. When two columns are far apart, the strap is designed to transfer the large 
moment between the two columns. The strap does not provide any weight bearing; it is simply 
there to transfer the moment of one footing to the other. Strap footings are more economic than 
combined footings because it uses less material to construct the footing. Determination of 
loading, soil bearing capacity, and characteristic of the footing needs to be established to 
determine design capability.   
2.2.2 Mat Foundations 
 Mat foundations, also known as raft foundations, are a type of foundation that is considered 
when using a spread foundation would not be economical or reasonable.  Mats are considerably 
larger than spread footings and generally encompass the entire footprint of a building.  This type 
of foundation can be considered economical for a variety of reasons, mostly depending on size 
and soil condition.  If a spread footing is 
being considered and covers more than a 
third of the footprint, a mat may be 
considered as a more appropriate 
alternative.  Additionally, a mat can be 
used when dealing with erratic soil 
conditions because the mechanics of the 
foundation will successfully bridge 
irregularities and differential settlements 
throughout a site.  Location of the water 
table is another consideration for using a 
mat foundation.  If the foundation is 
located below the depth of the water table, 
mat foundations are beneficial due to 
monolithic properties and ease of 
waterproofing.  Depending on design, 
differential structural loads can cause 
irregular loading on the footing, in which case, a mat foundation would be beneficial because it 
is able to compensate for irregular loading.  Although mats are able to withstand irregular loads 
FIGURE 2: VARIOUS MAT FOUNDATION DESIGNS 
Taken from: http://eu.lib.kmutt.ac.th 
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due to both superstructure bearing and soil conditions, piles or shafts may be necessary in order 
to fully support the mat foundation.
6
 
When considering the design analysis of a mat foundation, it can be considered as rigid or non-
rigid.  The traditional method to evaluate the design of this type of foundation was to consider it 
a rigid structure.  Using this approach, a high width-to-thickness ratio is generally observed.  
Furthermore, using this type of analysis yields less reliable estimates of shear, deformations and 
moments because there is no consideration to redistribution of the bearing pressure throughout 
the mat. 
7
 
The more developed and accurate way to analyze the design of a mat is using the non-rigid 
method.  Using this analysis, the interaction between the mat and the underlying soil is assumed 
to be a “bed of springs.”  With this assumption, deformations can be calculated locally 
throughout the mat, rather than calculating one deformation for the entire foundation, which is 
unreasonable under the conditions that a mat foundation is selected.  By considering both 
flexural deflections and corresponding soil bearing pressure redistribution, non-rigid analysis 
yields results that are more appropriate.
8
 
2.3 STAAD.pro 
STAAD.pro is a software application that assists professional engineers in the design of steel, 
concrete, timber, aluminum, and cold form steel structures with a user-friendly interface, 
optimized design and analysis capabilities. It is a product of Bentley Systems, a software 
company that specializes in, “comprehensive software solutions for the infrastructure lifecycle”.9  
The software allows the user to create three-dimensional models of nearly any type of structure, 
featuring flexible modeling supporting over 70 international codes and over 20 U.S. codes.  
Three-dimensional model, as opposed to two-dimensional drawings, allow for heightened 
awareness of interferences within the design.  By combining mechanical, electrical, and 
plumbing systems within a single model, the software allows for integration of structural 
elements.  Additionally, analysis and design features, such as nuclear certification, are included 
within the software package.  The interoperability of the software package allows for data 
exchange across several different programs.  A notable component of STAAD software packages 
is the ability to link models to external project databases.  Several different aspects of the model, 
such as mechanical and plumbing components, can be imported from third party resources such 
as AutoCAD.  Along with structural analysis and interference reports, STAAD is able to produce 
virtual walkthroughs of the models.
10
 
                                                 
6 Coduto, D.P. Foundation Design: Principles and Pracitices. Upper Saddle River, New Jersey: Prentice-Hall, 2001. Print. 
7 Ibid. 
8 Ibid. 
9 Bentley: Sustaining Infrastructure. 2014. Web. <http://www.bentley.com/en-US/>. 
10 Bentley. STAAD.pro. n.d. Web. 10 December 2014. <http://www.bentley.com/en-US/Products/STAAD.pro/>. 
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Case Study in STAAD.pro 
An example of a project that benefitted from the use of STAAD.pro was the design and 
construction of the Evergreen Community Power Plant in Reading, Pennsylvania.  The project 
was contracted by ESI Inc. of Tennessee, and the engineers on the project had no previous 
experience using STAAD or Bentley software products.  The difficulties associated with this 
project were attributed to size constraints and complexity of the project.  Additionally, the 
customer was adamant on the use of three-dimensional modeling to ensure that proper operation 
and size could be achieved within the provided space.  
The project team for the power plant consisted of 19 engineers, including structural, mechanical, 
electrical, and instrumentation engineers who were able to input their components of the design 
into the model.  The engineers were able to review the model while 3D specialists 
simultaneously performed detailed modeling for the plant.  The project was streamlined by 
utilizing STAAD’s integration tools.  Two and three-dimensional models from the vendors, 
which were created in third party applications, could be imported into the STAAD model.  
Interference reports were also generated using this model, opposed to two-dimensional 
interpretation.  These reports identified major cost saving interferences between different 
engineering components before construction.  Overall, the implementation and use of STAAD 
saved ESI Inc. about two months on the design schedule.
11
 
2.4 STAAD.foundation 
STAAD.foundation is used to design and model various types of complex and simple foundation 
systems.  It is also a product of Bentley Systems. STAAD.foundation is designed to handle 
common foundations, such as isolated spread footings and pile caps.  It can also tackle 
foundation designs for larger and more complex projects.  According to Bentley Systems, 
“efficient design and documentation is realized through its plant specific design tools, multiple 
design codes with U.S. and metric bar sizes, design optimization and automatic drawing 
generation”.12  Application of STAAD.foundation can potentially benefit users of STAAD.pro 
due to the streamlined workflow between the two programs.  STAAD.foundation can efficiently 
input geometry, loads and reactions from STAAD.pro and then effectively produce a foundation 
design.
13
  While STAAD.foundation can be used cohesively with STAAD.pro and other building 
information modeling software, it can also be utilized as a standalone program. 
2.4.1 STAAD.foundation Program Theory 
STAAD.foundation allows the user the ability to model complex or simple footings, and these 
include: isolated spread footings, pile caps, strip footings, mat foundations, and octagonal 
                                                 
11 Bentley.Company. Bentley Helps Jump-Start 3K Design Services for Green Power Plant. June 2009. 
<http://ftp2.bentley.com/dist/collateral/docs/case_studies/CS_ESI_Green-Power-Plant.pdf>. 
12 Ibid. 
13 Bentley Systems. STAAD.foundation - User Manual. Research Engineers International, 2009. 1-2 
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footings.
14
   The program designs these various foundation types in accordance with ACI 318-05 
code. 
15
   
2.4.2 Foundation Design in STAAD.foundation 
Isolated Spread Footings and Strip Footings 
In the design of isolated spread footings and strip footings, STAAD.foundation uses parameters 
concerning soil bearing capacity, shear and flexural strength of footing, and compressive and 
flexural strength of pedestal.
16
  Depending on the bearing resistance of the soil and structure, the 
loading on a footing plan is determined.  The footing thickness is determined by considering 
shear and bending capacity.  The shear consideration includes punching shear and one-way 
shear.
 17
 
Mat Foundation 
STAAD.foundation relies on finite element method (FEM) and slab-on-elastic-subgrade 
principles to analyze and design mat foundations.
18
  When applying a load to a plate or mat 
foundation, there is more than one direction for the load to traverse the plate.  Using the finite 
element method, a plate can be subdivided into smaller sections in order to obtain deflection 
information.
19
   
2.4.3 Case Study in STAAD.foundation  
Apollo Tyres Limited is India’s largest automotive tire manufacturer, and is currently in the 
process of building a new plant on a 126-acre plot.
20
  The project will include 30 buildings and a 
build area of approximately 167,226 square meters.  The project included some difficult 
challenges, specifically the large size of the entire structure and the need to accommodate heavy 
loads.  The consulting and engineering firm of Aswathanarayana and Eswara was awarded the 
contract for the project and utilized STAAD.pro and STAAD.foundation in the design.
21
  The 
foundation design included 120 support positions and over 50 load combinations. Due to the 
complexity of the project, STAAD.foundation was able to streamline the design and analysis 
process.  It allowed engineers to sort through massive amounts of data very effectively.  By using 
STAAD.foundation software, the firm was able to save 50% to 60% in design time and saved 12 
to 15% in materials.
22
  The firm also saved approximately 80 hours of work per month over the 
course of a six-month project period.
23
 
  
                                                 
14 Bentley Systems. STAAD.foundation - User Manual. Research Engineers International, 2009. 2-19 
15 Ibid. 
16 Ibid. 
17 Ibid., 23. 
18 Ibid. 
19 Ibid. 
20Apollo Tyres Limited. 2010. <http://ftp2.bentley.com/dist/collateral/docs/case_studies/CS_Apollo-Tyres.pdf>. 
21 Ibid.. 
22 Ibid. 
23 Ibid.. 
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3.0 Methodology 
The objectives of this project are as follows: 
 
1. Evaluate the reliability of STAAD.foundation and identify any software limitations 
2. Consider design alternatives for various foundation types using a predefined rubric 
3. Develop a user tips manual for use by Stantec Consulting Ltd. Engineers 
3.1 Investigation of Foundation Designs 
During the first week at Stantec Consulting Ltd.’s Boston office, the team met with our project 
supervisors.  The team had separate meetings with our main supervisor, Greg Cuetara, from the 
Scarborough, Maine office, and with Dennis Keough, and Ryan Hill, from the Boston, 
Massachusetts office.  During these meetings the project scope and project proposal were further 
defined.  A copy of the proposal developed by Stantec Consulting Ltd. can be found in Appendix 
B.   
During the initial meeting, Greg Cuetara also 
provided the team with a STAAD.pro structural 
steel frame model to be used for the foundation 
designs.  The reference structure was originally 
designed as a portion of a Providence Landfill 
Gas to Energy Project completed by Stantec 
Consulting Ltd. in Johnston, Rhode Island.  
The reference structure can be seen in Figure 3.  
Having the reference structure allowed the 
team to plan which types of foundation were to 
be designed.  It was also possible to define 
necessary parameters to aid in the design of the 
foundations.  These parameters included: 
location of the structure, foundation geometry, 
the structure’s purpose, etc. Defining the 
reference structure and these parameters was 
the initial step in determining the loading and forces present in the foundation system.  After 
using the analysis feature in STAAD.pro, the team had definitive design loadings and reaction 
forces for each of the connection points.   
FIGURE 3: RENDERED DRAWING OF STAAD.PRO REFERENCE 
STRUCTURE 
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Having defined the type and function of the reference structure, the team made general 
assumptions for a range of other necessary parameters.  These assumptions included information 
about the geotechnical condition in the area and various soil parameters.  These can be seen in 
Table 1.  For the design calculations the material properties to be determined included: strength 
of concrete, yield strength of steel, maximum and minimum bar size, clear cover values, and 
initial thickness.  Soil parameters that were considered include soil types, unit weight of soil, and 
soil bearing capacity.   
 
Designing Foundations through Hand Calculations 
In order to create an efficient system for running multiple hand calculations, Excel Spreadsheets 
were developed for isolated footings, combined footings, strap footings and mat foundations. 
The design process used for the foundation designs can be seen in Flowchart 1.  Excel 
Spreadsheets allows the user to change the design parameters and produce an accurate 
foundation design.  Each of the Excel Spreadsheets were set up following the foundation design 
procedure shown in Flowchart 1.  The different sheet within the Excel Spreadsheet follow the 
headings of defining assumptions, preliminary design based on service load, structural analysis 
and design checks and reinforcement design.  In order to verify the accuracy of the Excel 
Spreadsheets, manual calculations were also computed for a trial design and then compared to 
the spreadsheet output.  Any variations between the two design methods was then compared and 
corrected.  The team implemented a specific methodology for producing these hand calculations.  
One team member would create an Excel Spreadsheet for a specific foundation design, and once 
complete another team member would work through a hand calculated example while verifying 
the spreadsheet outputs.  These calculations were then reviewed and approved by the other 
members of the team.   
TABLE 1: DESIGN PARAMETERS 
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FLOWCHART 1: FOUNDATION DESIGN 
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Isolated Spread Footing Design 
Isolated footings were designed in accordance ASCE 7-05 code and ACI 318-05.  The design 
procedure to develop the isolated spread footing designs can be seen in Flowchart 2.  For more 
information on isolated spread footing design calculations, a sample of the Excel Spreadsheet 
can be seen in Appendix D and the hand verifications can be reviewed in Appendix F. 
 
FLOWCHART 2: DESIGN OF ISOLATED SPREAD FOOTINGS 
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Combined Footing Design 
Combined footings were designed in accordance ASCE 7-05 code and ACI 318-05.  The design 
procedure to develop the combined footing designs can be seen in Flowchart 3.  For more 
information on combined footing design calculations, a sample of the Excel Spreadsheet can be 
seen in Appendix G and the hand verifications can be reviewed in Appendix I.   
 
FLOWCHART 3: DESIGN OF COMBINED FOOTINGS 
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Strap Footing Design 
Strap footings were designed in accordance ASCE 7-05 code and ACI 318-05.  The design 
procedure to develop the strap footing designs can be seen in Flowchart 4.  For more information 
on strap footing design calculations, a sample of the Excel Spreadsheet can be seem in Appendix 
J and the hand verifications can be reviewed in Appendix L.   
 
FLOWCHART 4: STRAPPED FOOTING DESIGN 
14 
 
Mat Foundation Design 
Mat foundations were designed in accordance ASCE 7-05 code and ACI 318-05.  The design 
procedure to develop the mat foundation designs can be seen in Flowchart 5.  For more 
information on mat foundation design calculations, a sample of the Excel Spreadsheet can be 
seem in Appendix M and the hand verifications can be reviewed in Appendix O.   
FLOWCHART 5: MAT FOUNDATION DESIGN 
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Designing Foundations using STAAD.foundation 
To begin a design in STAAD.foundation, the team created a Project to hold all the pertinent 
information about the foundation design.  This information included the physical aspects of the 
foundation and data about the reference structure.
24
  Setting up the general parameters, structural 
geometry, and structural analysis of a project in STAAD.foundation can be either done through 
the input of data manually or imported from STAAD.pro.  Manually inputting the project 
information involved entering support coordinates, defining structural loads, specifying design 
constraints, and entering design parameters.
25
  Importing structural geometry and analysis results 
from STAAD.pro into STAAD.foundation created a streamlined design process.  Integrating the 
two programs allowed the foundation design to be seamlessly combined with analysis of forces 
and moments in the superstructure.  To take advantage of this streamlined process, the team 
imported the structural analysis of the reference structure from STAAD.pro into 
STAAD.foundation. 
 
The design and analysis of a project in STAAD.foundation varies depending on the intended 
type of foundation project.  The specifics of this project’s structural geometry, foundation type, 
and support reactions were based off the reference structure provided by Stantec Infrastructure 
Ltd.  The team’s efforts were focused on designing and analyzing STAAD.foundation for 
isolated spread footings, combined footings, strap footings and mat foundations. 
 
Creating Foundation Models 
In order to address the project’s first two objectives, several different models for foundation type 
were created. Each of these models was designed to satisfy the structural and loading 
requirements of the reference structure.  For the various models, individual parameters were 
changed to develop final designs.  The team created three models for each foundation type: 
isolated footings, combined footings, strap footings and mat foundations.   
3.2 Completion of Project Objectives 
3.2.1 Evaluate the reliability of STAAD.foundation and identify any software limitations 
The investigation into foundation designs was used to evaluate the reliability of 
STAAD.foundation’s outputs and identify any potential software design limitations.  The 
STAAD.foundation design outputs for isolated spread footings can be seen in Appendix E, 
combined footings in Appendix H, strap footings in Appendix K and mat foundations in 
Appendix N.  After establishing the design parameters for three separate models of each 
foundation type, this criterion was imputed into STAAD.foundation and into the team’s verified 
Excel Spreadsheets. Having the design specifications for each foundation type calculated by both 
sources allowed the team to compare differences in the outputs. The final design specifications 
                                                 
24 Bentley Systems. STAAD.foundation - User Manual. Research Engineers International, 2009. 2-20. 
25 Ibid. 
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calculated from these sources was then recorded and compiled.  When comparing the 
STAAD.foundation and hand calculated results, the team specifically focused on the overall 
dimensions of the foundation and the spacing and design of the reinforcement.  The methodology 
used to create foundation designs and then compare STAAD.foundation outputs with hand 
calculations can be seen in Flowchart 6.  
 
Testing Optimization in STAAD.foundation 
In order to validate or discredit the design optimization of STAAD.foundation, several design 
alternatives were tested against the program’s automated design results.  Design parameters, such 
FLOWCHART 6: INVESTIGATION OF STAAD.FOUNDATION 
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as footing geometry, rebar spacing and sizing, and soil conditions, for each foundation were 
modified and constricted within the program in order to record the effect on the evaluation 
process.  The outputs were then analyzed to check for proficiency and feasibility against several 
failure modes including punching and direct shear, sliding, overturning, and flexure.  
Additionally, spacing of the rebar was further investigated to ensure the validity of the program 
output.  
3.2.2 Consider alternatives for various foundation types using a 
design rubric 
Using the foundation investigation and the designs created in 
STAAD.foundation the individual models were then 
compared.  The team considered several different design 
constraints when comparing the models, including: direct cost 
of materials, equipment and labor, ethical standards, health 
and safety requirements, and constructability.  Every design 
constraint was then given a rank based on how well a design 
met the design criteria.  The team then conducted a side-by-
side evaluation of the designs based on these criteria.  The 
criteria considered in the design rubric can be seen in Error! 
Reference source not found.. Ethical, and health and safety 
consraints were considered a obligatory requirement for any 
of the foundation models.  If the model did not meet ASCE 
Code of Ethics and Ethical Cannons, then the design was 
considered invalid.  Likewise, if the design did not comply 
with code standards and could not sustain the loading 
requirements of the reference structure, the design was 
considered invalid.  Economic constraints were considered 
based on the construction, equipment, and material costs for 
reinforcment and concrete footings.  These costs were quoted 
from the 2013 National Construction Estimator.   The values 
used include the unit material cost and labor cost per linear 
foot of reinforcement.  The concrete reinforcing bars 
considered were ASTM A615 Grade 60 and the cost data 
included tie wire and tying costs.  The estimates for concrete 
foundation costs include material, labor and equipment costs 
per cubric foot.  The 2013  National Construction Estimator 
established these values based on normal weight structural 
concrete.  The assumed construction costs were based on 
4,000 PSI concrete with 3% waste, using a portable 55 KW 
120/240 volt generator, two 25" diameter concrete vibrators, a 
truck-mounted hydraulic crane with 115’ boom and small 
TABLE 2: DESIGN COMPARISON RUBRIC 
TABLE 3: CONCRETE PRICING 
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tools.  The specific values can be seen in Table 3.  In order to evaluate constructability of the 
foundation models, the team considered if the foundation size was resonable in comparision to 
the area of the reference structure.  This was done by comparing the total area of the foundation 
designs to the total area of the reference structure.  Each foundation type was given a percentage 
of the reference structure that was considered reasonable.  The percentage limit for isolated 
footings was 20%, combined and strapped footings was 40% and mat foundations was between 
100% and 125%.  The area of was reference structural equals 201 ft
2
.  The comparison rubric 
also notes the number of formwork setups required to complete the construction of the 
foundations.  Having multiple formwork setups requires extra labor and cost to complete the 
project. The team also considered if  the type of foundation was typically used in similar 
situations.  If the type of foundation was not considered a viable option for similar design 
situtions then it was not considered functional for this reference structure.  
3.2.3 Develop a User Tips Manual for Stantec Consulting Ltd. Engineers. 
In creating the User Tip Manual, the program STAAD.foundation was thoroughly investigated 
through examples and tutorial videos. The program allows the user to design or import a 
structure into the software and output a full analysis from the foundation up into the structure if 
the program deems it structurally sound. The designer needs to specify which job they are 
creating; whether it is a mat, pile, isolated, strap, or combined foundation. Once the job is created 
and specified, design parameters for each specific job open up in the main navigator pane on the 
left side of STAAD.foundation's main window. The designer then needs to input all of the design 
variables for analysis. If the program finds that the inputted variables are not valid, the software 
will not output a detailed analysis of the infrastructure's calculations. 
 
Due to the specificity of the program functions, the goal of the User Tips Manual was to provide 
Stantec Consulting Ltd. with a resource for the company’s engineers.  The User Tips Manual is 
designed to be used as a guide for all levels of STAAD.foundation users.  It was design to 
include information on basic user functions within the program and steps on how to design 
various foundation types with in the program. For more advanced STAAD.foundation users the 
Tips Manual also was developed with information about program limitations and optimization 
techniques. To create the User Tips Manual, Microsoft PowerPoint was used. Through studying 
the tutorial videos provided by Bentley, the company who developed STAAD.foundation, an 
analysis of all types of foundations, limitations and optimizations, importing and exporting, and 
helpful user tricks were compiled to create the PowerPoint. Within the PowerPoint, one can find 
an interactive table of contents containing the aforementioned content divided up into individual 
chapters. By clicking on the chapter one needs to look at, the PowerPoint will open to the slide 
containing the desired chapter. At the end of the chapter a tutorial video is provided that one can 
watch if more assistance is needed; there is also a Back to Table of Contents button. Within each 
chapter is screenshots from STAAD.foundation and a detailed description of how to create each 
foundation job.  
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3.3 Project Schedule 
The Gantt chart on below shows how the team divided and accomplished the project work over 
the course of a seven week period.   
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 4.0 Results 
4.1 Objective 1 Results [Investigation of STAAD.foundation] 
A comparison of the designs produced by STAAD.foundation to that of our hand calculated 
foundations was completed for each of the four types of foundations examined. The purpose of 
this process was the examination of the reliability of the foundation designs produced by 
STAAD.foundation and determine in what areas the program was lacking. The designs that were 
hand calculated generally matched the dimensions of the STAAD produced designs, but due to 
certain limiting factors within STAAD, sometimes produced oddly shaped designs. In addition to 
this, a major error exposed by the results is that of STAAD suggesting reinforcement that would 
not fit within the designed footing. Examples of these errors can be seen within the following 
table, which details the comparison of the hand calculated designs to that of STAAD. 
 
TABLE 4: RESULTS FROM PROGRAM DESIGNS AND HAND CALCULATED DESIGNS 
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4.2 Objective 2 Results [Evaluation of Design Alternatives] 
The comparison of design alternatives involved the consideration of the three design alternatives 
for each foundation type.  The goal of this design rubric is to highlight several realistic design 
constraints and compare how each alternative affects the design feasibility.  The design rubric 
does not necessarily determine the best design alternative, but instead helps the designer evaluate 
the advantages and disadvantages of each design model.   
Isolated Spread Footing 
When designing the three isolated spread footing models the thickness of the footing and the 
overall area of the footing was varied.  The final designs for the three isolated spread footing 
models can be seen below in Table 5. 
 
These models were then evaluated according to the design criteria rubric.  This included 
consideration of ethical standards, health and safety, cost estimates and constructability.  The 
rubric with the isolated spread footing models can be seen below in Table 6. 
TABLE 5: ISOLATED SPREAD FOOTING DESIGNS 
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Combined Footing 
When designing the three combined footing models the thickness of the footing was varied 
between one and two feet.  The final designs for the three combined footing models can be seen 
below in Table 7. 
 
These models were then evaluated according to the design criteria rubric.  This included 
consideration of ethical standards, health and safety, cost estimates and constructability.  The 
rubric with the combined footing models can be seen below in Table 8. 
 
 
TABLE 7: COMBINED FOOTING DESIGNS 
TABLE 6: DESIGN RUBRIC - ISOLATED SPREAD FOOTINGS 
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Strap Footing 
When designing the three strapped footing models the reinforcement design, foundation depth 
and foundation dimensions were varied.  The final designs for the three strapped footing models 
can be seen below in Table 9. 
 
These models were then evaluated according to the design criteria rubric.  This included 
consideration of ethical standards, health and safety, cost estimates and constructability.  The 
rubric with the strap footing models can be seen below in Table 10 
 
TABLE 9: STRAPPED FOOTING DESIGNS 
TABLE 8: DESIGN RUBRIC - COMBINED FOOTING 
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Mat Foundation 
When designing the three mat foundation models the reinforcement design, foundation depth and 
foundation dimensions were varied.  The final designs for the three mat foundation models can 
be seen below in Table 11. 
 
These models were then evaluated according to the design criteria rubric.  This included 
consideration of ethical standards, health and safety, cost estimates and constructability.  The 
rubric with the mat foundation models can be seen below in Table 12. 
 
 
 
TABLE 10: DESIGN RUBRIC - STRAP FOOTING 
TABLE 11: MAT FOUNDATION DESIGNS 
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4.3 Objective 3 Results [Creation of User Tips Manual] 
To create the user tip manual, STAAD.foundation was looked at in great detail. Tutorial videos 
and examples provided by the software were explored to best develop a user manual that can 
show a designer how to create and analyze specific foundations depending on the project's need. 
Essentially, should Stantec hire a new employee, this user manual would provide them with 
enough information to learn the fundamentals of the program. The user tips manual outlines 
proper methodology to use and setup various foundations and is in the form of a Microsoft 
PowerPoint. The PowerPoint has a table of contents which acts as chapters for each foundation 
design, limits and optimizations within the program section, importing and exporting within the 
program, and a tips and tricks section.  
Within the program, it was found that the output solves for the minimum constraints inputted by 
the designer. Although this is more cost effective, the designer needs to make sure the 
appropriate checks are made before the final design is completed. STAAD.foundation software 
does not use the absolute value of forces. It does not pick the largest shear force and does not 
consider negative answers. It was found that when importing from STAAD.pro into 
STAAD.foundation that the designer will be asked to rename all jobs in order to assign loading 
to the job. When exporting STAAD.foundation output into Microsoft Excel, the export is exact 
other than having to widen the columns to view the equations and output in the spreadsheet. 
TABLE 12: DESIGN RUBRIC - MAT FOUNDATION 
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There were also errors discovered in the sizing and spacing of reinforcement. While the program 
tended to offer a reasonable amount of reinforcement, there were several designs of 
reinforcement that would lead to cracking of the foundation, or to reinforcement that would not 
fit within the dimensions of the foundation.  
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5.0 Deliverable 
To create the deliverable for Stantec, a standard operations was provided by them and followed 
until completion. The team met and worked with Ryan Hill (EIT) to ensure that the deliverable 
was up to standard with the company. The deliverable contains a table of contents, a purpose, 
applicable codes and standards section, definitions, design criteria, and an appendix. The purpose 
defines the needs and specifics of the project. The deliverable will be printed and then compiled 
into a binder so that Stantec has a hard copy of it. In the appendix of the deliverable, the user can 
see the User Tip Manual, all of the hand calculations, and spread sheets of each specific 
foundation design used to verify the validity of STAAD.foundation, and examples of automated 
design outputs generated by the software.  These outputs were used for comparison checks to 
hand calculations and helped provide a basis for analysis of feasibility and accuracy of the 
software as a design aid.  Furthermore, the deliverable will include tips for optimization of the 
designs through parameter manipulation within the software. The deliverable can be used by any 
employee in the office that will be new to or using STAAD.foundation.  The deliverable is 
included as a supporting document to this MQP project. 
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6.0 Conclusions 
6.1 Objective 1 Conclusions [Investigation of STAAD.foundation] 
Several steps were taken in order to verify the automated calculations run within 
STAAD.foundation.  This process was aided by the use of an excel spreadsheet in order to iterate 
several designs quickly.  The functionality and accuracy of the spreadsheet was verified against 
hand calculations.  When designing these footings, checks against sliding, overturning, and direct 
and punching shear were considered.  For each type of foundation a comparison of the outputs 
from the Excel spreadsheets and STAAD.foundation was conducted.  The limitation found for 
each foundation type are discussed below. 
Isolated Footing Design Optimization  
Through hand calculations, the design process and 
accuracy has been verified for the design of an 
isolated footing in STAAD.foundation.  However, 
through testing the program, it has been found that 
the most effective design alternative is not 
automatically designed through the software analysis 
unless the design parameters are sufficiently 
constrained.  For example, the program seems to 
almost always design to match the minimum selected 
thickness as highlighted to the right in Figure 4.  Also 
noted in the figure are the length with ratio and the 
set as default option.  The length with ratio was kept 
at 1 throughout our testing in order to assure the 
design of square footing.  Additionally, when “No” is 
chosen for set to default, the program is supposed to 
optimize the design.  Although this option helped in 
making the design more feasible, constraining other 
variables such as the reinforcement sizing and 
spacing was necessary in order to produce the most 
effective design.    
Another major issue within the automated analysis is 
the lack of consideration to negative forces when the 
governing loading is chosen.  For example, when the 
design is analyzed, a 3.059 kip force will govern over 
a -3.134 kip force.  Although this may be a negligible 
difference for this case, it may become an issue in 
which there is a more severe difference in the forces. 
FIGURE 4: FOOTING GEOMETRY INPUT PANE 
IN STAAD.FOUNDATION 
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Overall, when using the design analysis for an isolated footing, it is up to the engineer to 
constrain the ranges to what he/she finds appropriate.  For example, upon completion of an 
analysis, the designer may notice a large number of a small sized rebar is used, which may pose 
feasibility and constructability issues.  For this reason, the designer may have to further constrain 
the design parameters in order to achieve a more economical result. 
Combined Footing Design Optimization 
When considering the optimization of a combined 
footing through design analysis in 
STAAD.foundation, several similarities in 
feasibility and reliability that were observed for 
and isolated footing are also noted for the isolated 
design.  These parameters that generally need 
constraining include footing thickness, rebar 
spacing and sizing, and the width of the footing.  
More specific to a combined footing would be 
consideration to the minimum overhang, which is 
highlighted to the right in Figure 5.  The default 
for this was five feet, which was far too larger for 
the testing case.  In order to obtain a more 
reasonable result, the minimum was lowered to 
one foot and an over more feasible footing size 
was generated by the design analysis.   
 
Another notable issue when reviewing the design 
sheet was the designation of an alpha value when 
calculating the factored allowable shear.  The 
designated footing was designed for an exterior 
column and the designated value was chosen for an 
interior column.  Although this was a negligible factor in this case, for more extreme shears in 
place, using a factor of 40 instead of 20 (in this case) could provide an adequate design where in 
reality the footing may fail. 
 
Additionally, when verifying the designated governing loading cases for analysis there are some 
discrepancies between the hand calculations and STAAD.foundation output.  Although the 
calculated shears are similar to the program output, the calculation sheet references a critical load 
case that is not defined within the project.  This is shown below in Figure 6 which in this case 
was load case 18.  Although this is a technical issue opposed to a design concern, it complicates 
the designer’s ability to address and pinpoint flaws within the program.    
FIGURE 5: FOOTING GEOMETRY INPUT PANE 
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Strap Footing Design Optimization 
Unlike previous foundation models, the design analysis for strap footing does not seem to design 
in accordance with the minimum defined design constraints.  Although some dimensions of the 
design seem reasonable, the width of the footings within the design was too large, regardless of 
constraining the parameters.  After analyzing and the calculation sheet produced within 
STAAD.foundation, there has been no conclusion as to why the designated width is far larger 
than necessary.  For this reason, it is inadvisable to rely heavily on this design analysis for a strap 
design. 
Mat Foundation 
Validation of mat foundation designs proved to be more complicated than previous models due 
to the complexity of loads applied to the concrete and analysis process.  In the hand calculation, 
the rigid method was used to create design alternatives, whereas computer analysis uses the finite 
method in order to create a more accurate, in depth representation of the forces across the mat.  
However, by comparing our results with the STAAD.foundation calculation sheet, it appears that 
the program is using reasonable dimensions and reinforcement when producing a design.  A 
notable issue that may occur is spacing of reinforcement, which has been noted in other designs 
produced by the program.  There is a tendency for the program’s automated analysis to provide 
spacing beyond the maximum bound, providing a design alternative with reinforcement which 
exceeds the length of the foundation. 
6.2 Objective 2 Conclusions [Evaluation of Design Alternatives] 
Each foundation model designed by the team was rated according to the design criteria rubric.  
Since the majority of the foundation models were feasible designs, and each foundation type has 
its advantages and disadvantages, the design comparison was not intended to establish the top 
ranking design.  Instead, this rubric was intended to establish a side by side comparison for 
realistic design constraints that might be considered by a professional engineer.  
The design rubric included ranking the designs based on ethical standards, health and safety, cost 
estimates and constructability.  Each of the models designed is capable of sustaining the loads 
from the reference structure.  Therefore, each isolated footing, combined footing, strap footing 
FIGURE 6: COMBINED FOOTING CALCULATION SHEET 
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and mat foundation models meets the requirements for health and safety and also complies with 
relevant building codes.  The team compared the material, labor and equipment cost to find the 
design with the optimal economic price.  This comparison was done to find the most cost 
effective design for each type of foundation.  The most economic designs from each foundation 
were then compared to determine the lowest cost design from all the design models. The most 
economic design for isolated footings was model I2, costing $3746.05. The most economic 
design for combined footings was model C2, costing $1154.93.  The most economic design for 
strap footings was S3, costing $1413.84 and the most economic design for mat foundations was 
model M1, costing $1880.97.  Out of these designs, model C2 for combined footing was the 
most cost effective design.  For constructability criteria, the team considered the total area of the 
foundation in comparison to the reference structure, the number of formwork required to 
construct the foundation, and if the foundation type is suitable for project situation.  All of the 
isolated footing models were above the limit of 20%.  This means that these isolated foundation 
design take up a large percentage of the total reference structure, making them an unrealistic 
design.  Each of the combined footings and strapped footings have an area of less than the limit 
of 50% the reference structure area.  The models for the mat foundation each have an area 
between the required limits of 100% to 120% of the reference structure.  This makes combined 
footings, strap footings and mat foundations variable options for the foundation design.     
6.3 Objective 3 Conclusions [Creation of User Tips Manual] 
The User Tips Manual and Stantec Deliverable provides the firm with viable information on 
STAAD.foundation. In the User Tips Manual, a table of contents is provided. Here, the designer 
can find tips on how to design specific foundations such as mat, spread, and isolated footings. 
The user can click the chapter needed to design the foundation and follow the detailed steps 
specified in the manual. By comparing hand calculations to the software's output, limits and 
optimizations that were found in the program are also specified in the deliverable. Stantec 
employees will be able to use this manual as a guide when first learning how to use 
STAAD.foundation. This guide will be most beneficial to Structural Engineers who will most 
likely be using this software for structural analysis.  
It was found that STAAD.foundation's output designs for the minimum structure required. 
Although this is more cost effective, it is not necessarily the best design choice as different 
loadings and more logical design alternatives can be used. Therefore, always follow up with 
calculations alongside the program's output. The program also limits reinforcement bar spacing 
between six and twelve inches. Therefore, STAAD.foundation needs to implement more realistic 
constraints. The program also limits itself by not using absolute values of shear stress; meaning 
the program does not choose the largest shear, whether negative or not, when analyzing the 
design. Reinforcement of the foundations poses an additional problem by designing in such a 
way that the steel bars are spaced far enough apart so they either will not satisfy cracking 
requirements, or will actually be located outside of the boundaries of the structure. 
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The User Tips Manual provides useful information about importing and exporting other Building 
Information Modeling and Microsoft Excel to and from STAAD.foundation. It was found that 
when importing into STAAD.foundation, the designer will need to rename the description of 
every load brought into the program. If the analysis is not completed, STAAD.foundation's 
output will automatically fail. To export STAAD.foundation's output successfully into Excel, the 
designer will need to choose the "Detail Output" option to get a better formatted shear, punching, 
sliding, and overturning spreadsheet. Copying and pasting the output into Excel will also work, 
however, the width of the columns in Excel will need to be adjusted.  
The User Tips Manual and Deliverable also include helpful tips and tricks within 
STAAD.foundation. This includes creating line, quadrilateral, point, and circular pressure 
loading to different points on a mat foundation. Also, how to remove certain shapes from the mat 
foundation, should you need to, is specified within this chapter.  
6.4 Project Limitations 
There were several limitations encountered by the team throughout the course of this project.  
The most restricting being the limited time to complete the project.  Since the team had just a 
few weeks to complete the project, it was necessary to focus the team’s efforts on a few specific 
foundations types.  STAAD.foundation has the capability to design more foundation designs than 
what could be included in the project scope.  This investigation focused on isolated footings, 
combined footings, strap footings and mat foundations.  Any future inquiries into 
STAAD.foundation should further analyze piles and pile caps, octagonal footings, and 
rotating/reciprocating machine foundations. 
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Appendix M: Excel Spreadsheet – Mat Foundation Models 
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Appendix O: Hand Calculation – Mat Foundation 
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